The impact of high CO2 concentrations on the structure and function of the photosynthetic apparatus and the role of polyamines.
Here we examined the influence of high CO2 concentrations on the structure and functioning of the photosynthetic apparatus in the unicellular green alga Scenedesmus obliquus. Presented in this work are: chlorophyll (Chl) a fluorescence induction kinetics, measurements of photosynthetic and respiration rates, estimation of Chl a/Chl b ratios, isolation and quantitative assessment of the photosynthetic subcomplexes, quantitative analyses of thylakoid bound polyamines, and experiments with exogenously supplied polyamines with cultures grown in low- and high-CO2 concentrations. Together, they indicated that high-CO2 concentrations affect polyamines and, more specifically, increase the thylakoid bound putrescine (PUT) level that leads to an increase of the active reaction center density combined with a decrease in the LHCII-size and the ratio of LHCII-oligomeres/LHCII-monomeres. This reorganization of the photosynthetic apparatus leads to enhanced photosynthetic rates, which in combination with the high-CO2 concentrations, leads to an immense increase of biomass (800%). Further incubation for longer time periods under the same conditions produces, due to an increase in cell density, a self-shading effect and photoadaptation of the photosynthetic apparatus to low light conditions and therefore also results in reduction of the high-CO2 effect. The photoadaptation of the photosynthetic apparatus to high-light conditions (Kotzabasis et al. 1999) and the acclimation to high-CO2 concentrations (present work) lead to the same changes in the structure and function of the photosynthetic apparatus. These changes could be induced or inhibited through the manipulation of intracellular polyamines, especially through the putrescine/spermine ratio. The possibility that polyamines influence the photoadaptation of the photosynthetic apparatus and its acclimation to high-CO2 concentrations through a common mechanism is discussed.